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Introduction
Social phobia (SP) has a prevalence of 12.1%, panic disorder (PD) of 4.7% (Kessler et al., 2005) and they frequently co-occur (Schneier et al., 1992) . These anxiety disorders are characterized by an "alarm response [that normally occurs in response] to present or imminent danger" (Craske et al., 2009) . However a clear distinction exists between SP and PD (Mannuzza et al., 1990) . SP is characterized by extreme fear of negative evaluation and a resulting avoidance of social or performance situations. PD is characterized by recurrent, spontaneous panic attacks which are acute episodes of intense fear accompanied by physical as well as cognitive symptoms (American Psychiatric Association [DSM-IV], 2000) . Moreover, given the low recovery rate of SP (Beard et al., 2010) and the favorable improvement rate, but frequent recurrence, for PD (Francis et al., 2007) , understanding the neural networks associated with these disorders is of importance.
As a key brain structure involved in processing threat-related stimuli (LeDoux, 2000) , the amygdala is likely to play a role in the aforementioned anxiety disorders. Neuroimaging studies in subjects with SP using faces reported amygdala hyperactivation in response to angry (Stein et al., 2002) , fearful (Campbell et al., 2007) , happy (Straube et al., 2005) and neutral (Cooney et al., 2006; Birbaumer et al., 1998) faces. With regard to PD, Kent and Rauch (2003) in their review hypothesized that PD might be associated with abnormal amygdala function. In support of this hypothesis, amygdala hyperactivity has been reported during emotional conflict (Chechko et al., 2009 ) and during spontaneous panic attacks (Pfleiderer et al., 2007; Dresler et al., 2011) in PD. On the other hand, amygdala hypoactivation has been reported during anticipatory anxiety (Boshuisen et al., 2002) and in response to fearful faces (Pillay et al., 2006) in PD patients compared to healthy volunteers. The limited number of studies and the diversity of tasks make it difficult to draw a conclusion on the neural mechanism of emotional processing associated with PD. However, based on the existing literature it can be suggested that amygdala dysfunction is a key element of a shared mechanism involved in PD and SP.
Furthermore, abnormal neural responses in anxiety disorders have been reported in brain areas involved in attention and processing of facial features (prefrontal areas and fusiform gyrus [Gentili et al., 2008] ), and emotional experience (insula [Straube et al., 2004; Etkin and Wager, 2007; Amir et al., 2005] ). Anterior cingulate cortex (ACC) hyperactivation to disgusted faces has been reported in SP (Amir et al., 2005) . In PD, aberrant ACC activation was reported in response to anticipatory anxiety, at rest (Boshuisen et al., 2002) and during an emotional conflict task (Chechko et al., 2009; van den Heuvel et al., 2005) . From the above mentioned studies, we might conclude that not only the amygdala plays an important role in anxiety disorders, but that several other regions, including frontal areas, are also part of the neural mechanism associated with anxiety disorders.
Disrupted connectivity between amygdala and medial prefrontal cortex (mPFC) including ACC has been related to anxiety (Kim et al., 2011) . Moreover, anxiety was associated with a negative amygdalaeventral mPFC connectivity, suggesting impaired emotion regulation, and a positive amygdalaedorsal mPFC connectivity, indicating hypervigilance to external stimuli (Straube et al., 2009 ). In addition, SP has been associated with a distinct right-sided abnormal functional connectivity between amygdala and superior temporal cortex, inferior parietal and middle PFC (Danti et al., 2010) . In PD amygdala functional connectivity with brain areas involved in emotional processing is not clearly delineated. Gorman et al. (2000) in their review proposed that the "fear network", involving amygdala as a main center and its interaction with mPFC, is central to PD.
The present study takes a step forward in understanding the neural mechanism of emotional processing associated with SP and PD, by not only looking at the individual brain areas, but also at their interaction. In particular, the present study aims to examine the pattern of brain activation and the coupling of amygdala response to mPFC regions during emotional face perception as an effect of SP and PD diagnoses. Additionally, we examined the extent to which the abnormalities in the neural network involved in emotional processing are related to anxiety severity rather than diagnosis-related factors. Moreover, by including not only patients with a diagnosis of PD or SP only, but also patients with PD and SP comorbidity, we aimed to determine whether there is a diagnosis-independent neural mechanism of disturbed emotional processing across anxiety disorders. Based on the literature, we hypothesized elevated amygdala, ACC and insula activation in response to angry, fearful, happy and neutral faces in SP. In PD abnormal amygdala activation was hypothesized to be limited to perception of fearful faces. Additionally, we expected abnormal coupling of amygdalaemPFC including the ACC during perception of emotional faces to be a common factor in anxiety disorders. For patients, we hypothesized that anxiety symptom severity would modulate amygdala response and its functional connectivity during perception of negative emotional faces.
Materials and methods

Participants
Participants were selected from the database of the Netherlands Study of Depression and Anxiety (NESDA, Penninx et al., 2008) . Three centers participated: University Medical Center Groningen (UMCG), Amsterdam Medical Center (AMC) and Leiden University Medical Center (LUMC). The Ethical Review Board of each center approved the study. Inclusion criteria were: 1) age range 18e57 years, 2) no history of seizures or brain injury, 3) no criteria for any DSM axis I disorders other than social phobia (SP) and panic disorder with or without Agoraphobia (PD) (generalized anxiety disorder [GAD] was not an exclusion criterion), 4) no substance abuse, 5) no physical limitations that prohibited them from undergoing an fMRI examination and 6) no use of antidepressant or anxiolytic medication. Although in the NESDA fMRI study the use of selective serotonin reuptake inhibitors and infrequent benzodiazepine use (three times a week or within 48 h before the scanning) was not an exclusion criterion, in the present analyses these patients were excluded (n ¼ 18 patients), to exclude the confounding effects of medication. All subjects were native Dutch speakers. After receiving written information, each participant gave written informed consent.
Seventeen patients diagnosed with SP, fourteen patients diagnosed with PD and eight patients with a double diagnosis e SP þ PD e were included in the present study. The diagnosis was established by trained clinical staff on the basis of the Composite International Diagnosis Interview (CIDI) e lifetime version 2.1 (Andrews and Peters, 1998) in accordance with DSM-IV criteria (American Psychiatric Association [DSM-IV], 2000). All patients met the criteria for primary SP and/or PD. Sixteen healthy controls (HC) were selected from 65 HC included in the whole NESDA MRI study (Demenescu et al., 2011; van Tol et al., 2011a,b) and this group was matched on sample size, age, educational level and gender. Healthy controls did not meet the criteria for any current Axis I disorder and had no history of psychiatric disorders.
Before the scanning session, all participants were evaluated by means of a battery of standardized questionnaires and structured interviews. Beck Anxiety Inventory (BAI, Beck et al., 1988), Fear Questionnaire (FQ, Marks and Mathews, 1979) and Montgomerye Åsberg Depression Rating Scale (MADRS, Montgomery and Åsberg, 1979) were administered to all participants.
Stimuli and paradigm
A detailed description of the paradigm has been published elsewhere (Demenescu et al., 2011) . Briefly, the paradigm consisted of 120 color photographs of angry, fearful, sad, happy and neutral faces and 80 scrambled faces (control condition). The photographs were selected from the Karolinska Directed Emotional Faces System (Lundqvist et al., 1998) . Twenty-four photographs were presented for each facial expression of emotion depicted by twelve female and twelve male actors. Photographs were presented pseudorandomly against a black screen for 2.5 s with an inter-stimulus (black screen) interval varying between 0.5 and 1.5 s (Wolfensberger et al., 2008) . Participants were instructed to indicate the actor's gender. During the scrambled faces, participants had to press the corresponding button as indicated on the screen, i.e., an arrow pointing left or right. The faces paradigm was part of a larger MRI exam and was preceded by a planning (van Tol et al., 2011a ) and a memory (van Tol et al., 2011b) paradigm.
MRI data acquisition
Images were acquired with a Philips 3T MR-scanner. A sense-8 (UMCG and LUMC) or a sense-6 (AMC) head coil was used for radio frequency transmission and reception. For each participant a series of echo planar imaging (EPI) volumes e sensitive to the blood oxygenation level dependent effect e were obtained, entailing a T2*-weighted gradient echo sequence (repetition time [TR] ¼ 2300 ms, echo time [TE] ¼ 28.0 ms at UMCG and TE ¼ 30.0 ms at AMC and LUMC) using axial whole-brain acquisition, with an interleaved slice acquisition order. The EPI volumes had 39 slices at UMCG and 35 slices at AMC and LUMC (0 mm gap, 3 mm thickness). The matrix sizes were: 64 Â 64 voxels at UMCG and 96 Â 96 voxels at AMC and LUMC. The in-plane resolution was 3 Â 3 mm at UMCG and 2.29 Â 2.29 mm at AMC and LUMC. The images were acquired parallel to the anterioreposterior commissure plane. A T1-weighted anatomical MRI was also acquired for each subject (TR ¼ 9 ms, TE ¼ 3.5 ms, matrix size 256 Â 256, voxel size 1 Â 1 Â 1 mm).
Data analysis
Analyses on clinical and demographic data were performed with SPSS v.16.0 (SPSS Inc., Chicago, IL, USA). In order to test for significant differences between groups on demographic and clinical data analyses of variance were conducted. Repeated measures analysis of covariance was conducted on the mean reaction time calculated as the differences between angry/fearful/happy/neutral minus scrambled faces, testing for an effect of group and including centers (dummy variables) as a nuisance factor. Testing for a group effect on the gender discrimination accuracy was conducted using generalized linear model (GLZ, binary probit model) employing Wald ChiSquare test. Post-hoc tests were conducted using Bonferroni correction in case a significant effect was identified.
Functional imaging data collected in all centers were preprocessed and analyzed using the statistical parametric mapping software package (SPM5, Wellcome Department of Imaging Neuroscience, University College London) implemented in Matlab v.7.1.0 (The MathWorks Inc., MA, USA). The EPI volumes were corrected for slice acquisition time, realigned to the first volume, normalized to standard stereotaxic space defined by the Montreal Neurological Institute template during which voxels were resliced to 3 Â 3 Â 3 mm. Finally, spatial smoothing was applied using an 8 mm full-width at half-maximum Gaussian kernel.
Low-frequency temporal noise was removed by applying a highpass filter (cut-off 128 s) to the fMRI time series at each voxel. Significant hemodynamic changes were identified using a general linear model, where events were modeled by convolution with the canonical hemodynamic response function (HRF, Friston et al., 1995) . For each subject, the following contrasts were computed: "angry > scrambled", "fearful > scrambled", "sad > scrambled", "happy > scrambled", "neutral > scrambled" and "faces > scrambled". The sad condition was not included in the present study because no hypothesis regarding perception of sad faces in anxiety patients was formulated.
Random-effects group analyses were conducted on weighted contrasts generated at the single-subject level modeled in a four (faces) by two (groups) repeated measurement analysis of covariance, with centers (dummy variable) added as nuisance factor. To test for an effect of diagnosis of PD or SP, the following contrasts reflecting PD (PD-only and SP þ PD comorbidity vs. HC and SP-only) and SP (SP-only and SP þ PD comorbidity versus HC and PD-only) were defined. Analyzing the data with a two-level factor group aims to eliminate the overlap in variance for the comorbidity group. Additionally, we tested for a common anxiety diagnoses effect defined as all patients (SP-only, PD-only and SP þ PD comorbidity) versus HC. A whole brain voxel-wise analysis was performed together with region of interest (ROI) analyses corrected for multiple comparisons (p < 0.05 Family-Wise Error [FWE] ). Amygdala, ACC, mPFC and insula anatomical ROIs were defined using WFU Pickatlas (Maldjian et al., 2003) .
Further, we tested how anxiety symptom severity modulates the neural response involved in emotional processing. To this end regression analyses were conducted on the contrast images: "angry > neutral", "fearful > neutral" and "happy > neutral" across all patients using BAI score as a regressor of interest and centers as confound.
Psychophysiological interaction (PPI, Friston et al., 1997) analysis was conducted to examine the difference in amygdalaemPFC connectivity modulated by perception of emotional faces as a factor of independent and common PD and SP diagnoses. This interaction was examined for left and right amygdala defined as "seed" regions. Amygdala activation was identified at the subject level for the contrast "faces > scrambled" inspected at p < 0.05 uncorrected. The deconvolved time series was extracted from a sphere of 5 mm radius centered around the peak activated voxel within left and right amygdala (defined by WFU Pickatlas) for each participant. This time-series reflects amygdala reactivity across all faces including neutral (>scrambled), i.e., we chose not to restrict the "seed" region to only those (amygdala) voxels that were activated in response to emotional faces. Choosing only voxels activated by the emotional faces could bias our results in finding a task related (emotion > neutral) connectivity pattern.
The PPI term was calculated as the element-by-element product of the amygdala time series and a vector coding for the task effect ("angry > neutral", "fearful > neutral" and "happy > neutral"). This product was subsequently re-convolved with the HRF. The interaction term was entered as a regressor into a first level model together with the amygdala time series (physiological variable) and a vector coding for the task effect (psychological variable). The individual contrast images were then entered into a second level analysis to identify the "target" regions showing changes in connectivity with the "seed" region depending on experimental context: angry, fearful or happy versus neutral faces perception between groups. Only subjects who showed amygdala activation (left and/or right) were included in these analyses. Thus, for left amygdala connectivity analysis 6 PD, 11 SP, 4 PD þ SP and 13 HC were included whereas for right amygdala connectivity analysis 6 PD, 11 SP, 3 PD þ SP and 14 HC could be included. Repeated measurement analysis of covariance (3 Â 2) with centers defined as confound was conducted testing for independent-and commonanxiety diagnoses effects on amygdala connectivity. Small volume correction (p FWE < 0.05) was applied for the a priori defined areas, i.e., left and right: mPFC and ACC defined using WFU Pickatlas (Maldjian et al., 2003) .
The impact of anxiety symptoms severity on amygdalaemPFC/ ACC connectivity was assessed by simple regression analyses against the BAI scores across anxiety patients and controlling for a possible center effect. The regression analyses were conducted on the PPI individual contrast images: "angry > neutral", "fearful > neutral" and "happy > neutral". Regarding group differences in brain activation during perception of faces, a significant effect of PD diagnosis was observed in left amygdala ([À18,À3,À21], Z ¼ 3.42, p FWE < 0.05, SVC). Outside our ROIs, an effect of PD diagnosis was observed in the right lingual gyrus ([36,À78,À15] , Z ¼ 4.84, k ¼ 25, whole brain corrected p FWE < 0.05). Post-hoc tests showed that decreased left amygdala and right lingual gyrus activation were found as a function of PD in response to angry, fearful, happy and neutral faces relative to HC and SP (Fig. 1) . No significant effect of SP diagnosis was found in the a priori defined areas or outside our ROIs in response to faces (>scrambled). The same was true when looking for a commondiagnoses effect, i.e., all patients versus HC: no significant effect of anxiety disorders was found. Additionally, we tested for an effect of group on emotion versus neutral contrasts. No significant effect was observed within or outside our ROIs.
Results
Sample characteristics and behavioral data
Because some of the patients had a second diagnosis of GAD and because this might have had an influence on the neural response during perception of faces, we conducted an additional analysis. A one sample t test was conducted on faces (>scrambled) across all patients including GAD diagnosis as a regressor of interest. No significant effect of GAD diagnosis was observed in the neural response to faces in anxiety patients.
Regarding symptom severity a tendency toward a positive relation was found between right dACC (Z ¼ 3.27, p FWE ¼ 0.072, SVC) activation and BAI score during perception of fearful faces in patients with anxiety diagnoses. No other significant association was found between dmPFC or ACC and anxiety symptoms during perception of angry or happy (>neutral) faces.
Amygdala functional connectivity modulated by anxiety
No significant independent or common PD and SP diagnosis effects were found on left or right amygdala connectivity. However, an effect of symptom severity was observed on left amygdala connectivity during fearful (>neutral) faces perception in anxiety patients. This effect was not found in response to angry or happy (>neutral) emotions or in HC. Thus, a positive correlation was found between anxiety symptom severity (indexed by BAI) and left amygdalaeright rostral ACC (rACC, [0, 39, 15 ] p FWE <0.05, SVC, Fig. 2A ) coupling and left amygdalaeleft dorsal mPFC (dmPFC, [À9, 36, 36] , Fig. 2B ) coupling during perception of fearful faces in patients. In other words, the strength of the connectivity between Table 1 Characteristics of the groups and behavioral data (n represents the number of participants). Data are presented as mean (Standard Deviation) unless otherwise specified. left amygdala and rACC/dmPFC correlated positively with symptom severity during perception of fearful faces.
Discussion
In the present study we investigated regional brain activation and functional connectivity during perception of emotional faces in relation to independent and common SP and PD diagnoses. We expected abnormal activation in areas involved in emotional face processing, i.e., amygdala, ACC, insula and abnormal amygdalae mPFC (including ACC) connectivity during processing of emotional faces as a factor of SP and PD diagnoses. We found blunted left amygdala and right lingual gyrus activation to faces as an effect of PD, relative to HC and SP. In contrast to our expectation, no effect of SP was observed on amygdala response to faces. Also, no significant effect of common PD and SP diagnoses was found on amygdala response relative to HC. Likewise, no significant effect of independent or common PD and SP diagnoses was found on the amygdalae mPFC/ACC connectivity during perception of emotional versus neutral faces. Notwithstanding, a modulatory effect of anxiety symptom severity was observed on left amygdalaerACC/dmPFC connectivity across patients with SP and PD but not in HC. Thus, the present findings suggest a diagnosis specific effect on regional brain activation, but not on amygdalaemPFC/ACC connectivity during perception of emotional faces. Hence, amygdalaedmPFC/rACC connectivity is predicted by anxiety symptom severity in anxiety patients.
Amygdala hypoactivation was observed in response to withdrawal (fearful), approach (angry and happy) emotions and neutral faces in PD patients compared to HC. Evidence of amygdala hypoactivation to fearful faces in PD relative to HC has been previously reported suggesting a diminished emotional response during perception of fearful faces (Pillay et al., 2006) . Additionally, amygdala hypoactivation was also reported during anticipatory anxiety in PD patients compared to HC, suggesting that PD is associated with amygdala functional impairment during anticipatory anxiety (Boshuisen et al., 2002) . Nevertheless, aberrant amygdala response in PD was reported during an emotional conflict task (Chechko et al., 2009) and to panic-related words (van den Heuvel et al., 2005) . These inconsistencies in findings may be explained by different levels of paradigm difficulties, fear-related stimuli, but also by hidden genetic differences. For example, Domschke and Dannlowski (2010) in their review suggest that 5-HT1A polymorphisms and genetic variation in the noradrenergic and dopaminergic system drive a distorted processing of threat-related stimuli.
Besides amygdala hypoactivity, we found an effect of PD diagnosis in right lingual gyrus. The involvement of lingual gyrus in face perception has been previously reported (Puce et al., 1996) . It should be mentioned that this pattern of abnormal activation was specific to PD-only, because we controlled for an effect of SP diagnosis. The present findings add support to the existing literature suggesting that PD is associated with abnormal emotional responses not only to fearful but also to angry, happy and neutral faces. In contrast to our hypothesis of abnormal amygdala, ACC and insula responsiveness to faces in SP, no significant effect of SP diagnosis was found within these areas involved in emotional processing. SP patients compared to HC and PD showed no significant differences in amygdala, ACC and insula response to faces versus a low baseline (scrambled faces) or in response to emotional versus neutral faces. In line with the present finding, Furmark et al. (2009) did not report amygdala hyperactivation in SP compared to HC. Furthermore, they showed that aberrant amygdala response is related to serotonergic polymorphisms rather than to social anxiety diagnosis . Thus, it might be that the lack of significant amygdala response difference between SP and HC can be explained by genetic variability, although this was not investigated in the current study. Contrary to these findings, other studies employing a block design in SP patients did report amygdala hyperactivation when processing negative (Stein et al., 2002; Campbell et al., 2007; Straube et al., 2004) , positive (Straube et al., 2005) or neutral (Cooney et al., 2006; Birbaumer et al., 1998; Gentili et al., 2008) faces. Moreover, Yoon et al. (2007) reported amygdala hyperactivation to high versus low emotional intensity in faces in SP compared to HC suggesting that amygdala reactivity is modulated by emotional intensity. Discrepancies between the present and previous studies might be explained by design, i.e., eventrelated for the present study versus block design in others and emotional intensity of facial expressions (Yoon et al., 2007) . Thus, it might be that a longer exposure time to highly emotional stimuli leads to an aberrant emotional response in SP.
Also in contrast to our expectations, no effects of independent or common-anxiety diagnoses were found on amygdalaemPFC functional connectivity during emotional faces perception. Nevertheless, a positive relation was observed between anxiety symptom severity and left amygdalaerACC/dmPFC connectivity during perception of fearful versus neutral faces. In other words, amygdalaerACC and amygdalaedmPFC connectivity appears to be stronger when anxiety symptoms are more severe and this effect was limited to fearful faces. Withal, this modulatory effect of anxiety symptom severity was restrained to amygdala connectivity and not to regional brain activation to fearful (>neutral) faces. Angry and fearful faces are both considered threat-related stimuli. However, angry faces represent a more direct form of threat, whereas fearful faces signal the presence of undetermined threat, i.e., the source of threat, danger is more ambiguous (Whalen, 1998) . Ewbank et al. (2009) showed that increased anxiety level is associated with a stronger amygdala response to unattended fearful faces relative to angry faces. This indicates that the two emotions represent "distinct forms of threat". Additionally to amygdala, Fig. 2 . Left amygdala connectivity correlates with anxiety symptom severity during perception of fearful (>neutral) faces in anxiety patients. A. Positive association between rostral ACC (rACC)eleft amygdala connectivity during fearful (>neutral) faces and BAI score. B. Positive association between left dmPFCeamygdala connectivity during fearful (>neutral) faces and BAI score.
dorsal ACC activation to strong threat stimuli has been reported to be modulated by anxiety level (Straube et al., 2009) , suggesting a role of dorsal ACC in anticipatory anxiety and hypervigilance to environmental stimuli (Straube et al., 2009 (Straube et al., , 2007 . It might be concluded that an increased anxiety level is associated with an elevated emotional response whereas the hypervigilance toward threat-related stimuli is associated with an ambiguous source of threat. Undetermined, ambiguous, signals of threat may be of more relevance to SP than directed threat as in the case of anger, as the context of SP typically does not involve clearly defined forms of danger, but rather a vague sense of threat.
Abnormal amygdalaemPFC/ACC connectivity has been previously reported in association with anxiety (Etkin and Wager, 2007) . Åhs et al. (2009) reported a negative covariation between amygdala and supragenual ACC rCBF during fear-relevant but non-phobic conditions in sixteen females with a diagnosis of specific phobia suggesting a "phobia-related functional decoupling". Stronger amygdalaedmPFC connectivity has been reported during selfdirected criticism in patients with generalized social phobia compared to HC suggesting the maintenance of "negative selfreferential evaluation" (Blair et al., 2008a) . It is usually thought that the dorsal mPFC/ACC is cognition-related, whereas the ventral mPFC/ACC is the affective division (Bush et al., 2000) . In contrast, a recent review concluded that dorsal mPFC/ACC function is associated with expression of fear (Milad et al., 2007) and appraisal, whereas ventral mPFC/ACC has an inhibitory role on negative emotions (Etkin et al., 2011) . The authors concluded that the amygdalaedorsal mPFC/ACC connectivity is associated with "negative emotion generation" and that the amygdalaeventral mPFC/ACC connectivity has an inhibitory function (Etkin et al., 2011) .
Considering the above mentioned findings, and in conjunction with our results, it might be concluded that a more pronounced anxiety severity is associated with an elevated negative emotional response and hypervigilance. This is limited, though, to perception of fearful faces when the treat source is ambiguous. It should be noted here that anxiety severity was not associated with abnormal neuronal activation in specific brain areas to fearful or any other emotional versus neutral faces. The association was only specific to the dynamic connectivity among brain areas involved in emotional processing. Overall we might conclude that anxiety severity correlates with connectivity among brain areas, whereas specific anxiety diagnosis, i.e., PD is associated with abnormal regional brain activation.
One limitation of the present study is the relatively small number of patients that were included for the separate diagnostic categories. Further studies involving larger samples are needed. Another limitation might be the presence of GAD (Blair et al., 2008b) as a secondary diagnosis for some of the anxiety patients. However, we did test for an effect of GAD and no significant effect was observed.
To summarize, this study provides evidence for a differential effect of anxiety diagnosis on the amygdala response to faces. Specifically, PD, but not SP or comorbid-anxiety diagnoses, was found to be associated with a reduced amygdala activation to angry, fearful, happy and neutral faces. Nevertheless, abnormal amygdalaerACC/dmPFC connectivity was a function of anxiety symptoms severity in patients. Additionally, it might be concluded that the comorbidity of PD and SP diagnoses could not be conceptualized as a summation of these diagnoses.
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